Abstract: Reliable prognostic methods for cerebral functional outcome of post cardiac-arrest anoxic encephalopathy (AAE) are necessary. Evolution of the Electroencephalogram (EEG) background pattern is a robust predictor of poor or good outcome of patients in this condition. During the first 24 h a rapid recovery toward continuous patterns is associated with a good neurological outcome, but a lack of improvement in this time window represents the opposite, although epileptiform patterns are of unknown significance and effects of treatment with antiepileptic drugs are indistinct. Generalized periodic epileptiform discharges (GPEDs) and bilateral independent periodic lateralized epileptiform discharges (BIPLEDs) after a severe hypoxemia carried a poor prognosis for survival. Treatment of AAE is symptomatic. Barbiturate coma was historically applied to decrease cerebral metabolic rate of O2 but the clinical benefit was insignificant and minimally affected the grave outcomes. Whether or not treatment of electrographic status epilepticus improves outcome is still under review in the randomized multicenter Treatment of Electroencephalographic STatus epilepticus After cardiopulmonary Resuscitation (TELSTAR) trial (NCT02056236), and no clear data of a standard management has been published. This is a report of cases whose EEG showed severe epileptic abnormality due to AAE and demonstrated remarkable EEG improvement by compassionate use of felbamate.
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When the patients are comatose after resuscitation is referred as acute-anoxic encephalopathy (AAE) and this condition is a devastating complication, having high mortality rate. It is mostly fatal if electroencephalogram showed no evidence of improvement after 24 h. Treatment of AAE is symptomatic. Barbiturate coma was historically applied to decrease metabolic rate of O2 but the clinical benefit was insignificant and minimally affected the grave outcomes. This article describes three cases that anoxic encephalopathy reversed by compassionate application of felbamate, and describe the response based on EEG findings. The findings suggest the clinical benefit of felbamate to the devastating situation which could cause grave prognosis otherwise. The potential utilization of felbamate is suggested although their efficacy and success rate was not discussed because this is compassionate use.
Introduction
About 450,000 Americans have cardiac arrest annually, and about 80% of cardiac arrests occur at home with a high rate of mortality (Callans, 2004) . The presence of coma after resuscitation, termed acute-anoxic encephalopathy (AAE), is a devastating complication. The incidence of AAE is 300,000 per year in USA and has increased as the success rate of cardiac resuscitation has improved in the past two decades (Geocadin, Koenig, Jia, Stevens, & Peberdy, 2008) . Treatment of AAE is symptomatic. Barbiturate coma was historically applied to decrease cerebral metabolic rate of O2 but the clinical benefit was insignificant and minimally affected the grave outcomes (Kassell, Hitchon, & Gerk, 1980) . Hypothermia was introduced to treat acute phase of AAE for mild improvement of clinical outcome (Lafferty, Keykhah, Shapiro, Horn, & Behar, 1978) . However, if a patient remains unresponsive and unreactive to painful stimulation for 48 h after the cardiac arrest, the prognosis is still poor regardless of hypothermia (Wijdicks, Hijdra, Young, Bassetti, & Wiebe, 2006) . Electroencephalogram (EEG) may be utilized in intensive care unit (ICU) to predict the outcome and has been described some findings with clinical outcomes following after cardiac arrest. ScolloLavizzari and Bassetti (1987) , classified the EEG in terms of increasing severity in five categories. Grade I EEG (normal alpha with theta-delta activity) being a normal pattern with an excellent prognosis. Grade II (dominant theta-delta activity with detectable normal alpha) and grade III (dominant theta-delta activity without detectable normal alpha), patterns with variable prognosis. Grade IV (low-voltage delta, possibly with short isoelectric intervals); dominant, monomorphic, non-reactive alpha-activity (alpha coma); periodic generalized phenomena (spikes, sharp waves, slow waves with very low background activity), and grade V (very flat to isoelectric EEG) patterns related with an ominous prognosis.
Others authors agreed that patterns such as generalized periodic epileptiform discharges (GPEDS), suppression-burst pattern, and subclinical electrographic seizure pattern suggest a very serious prognosis (Husain, Mebust, & Raatke, 1999; San-juan, Chiappa, & Costello, 2009; Wijdicks et al., 2006) . Anticonvulsants are used for the treatment of seizures when they occur. However, Wijdicks et al. (2006) , pointed out that the seizures in AAE are resistant to antiepileptic drugs (AEDs), most of which are either gamma aminobutyric acid (GABA) enhancers or sodium channel blockers (Wasterlain, Baldwin, Suchomelova, et al., 2011) . Although AAE process is enhanced by cascading over-excitation of N-methyl-D-aspartate (NMDA) glutamatergic receptors, NMDA glutamate receptor blockers are rarely used.
The main mechanism of action of felbamate (FBM) includes inhibition of NMDA receptor responses and action on GABA receptors. It inhibits NMDA subtype of glutamate receptor (Kwan, Sills, & Brodie, 2001 ). This medication was approved by the Food and Drug Administration (FDA) in 1993, but after a good initial therapeutic response in patients with partial seizures and Lennox Gastaut syndrome, in September 1994 the FDA issued a warning of a high incidence of aplastic anemia and hepatic failure among patients with this treatment and this medication was forgotten (French, Smith, Faught, & Brown, 1999) .
Purpose
Although this is a difficult position and after have balanced the risk and benefit ratio in different scenarios, we report three cases of post-cardiac arrest AAE that were treated with adjunctive FBM and describe the response based on EEG findings on a compassionate basis.
Cases
The following three cases of AAE after cardiac arrest were encountered by in-hospital neurological consultations between 24 and 48 h after cardiac arrest. In all cases, the patients were already in the rewarming phase of hypothermia. These cases were encountered in Bronson Methodist Medical Center in Kalamazoo, MI during 2011. FBM was administered only after the family received a full explanation of the severe nature of the disease and poor prognosis of AAE and understood the risks and benefits of individual medications. The specific risks and adverse effects of FBM were explained; an informed consent was signed and documented in the individual chart prior to the administration of the medication. Because of the risk of aplastic anemia and hepatic failure, complete blood count (CBC) and liver function test (LFTs) were monitored. None of the patients were in the high-risk group for development of aplastic anemia (a history of cytopenia, autoimmune disorder, or a positive antinuclear antibody titer) (Wasterlain et al., 2011) . The family recognized the risks of FBM treatment but agreed that the anticipated neurological consequence from anoxic brain injury carried greater morbidity and mortality than the infrequent severe side effects of FBM.
Case 1
A 47 year old, previously healthy man in severe emotional distress due to the death of his mother, suddenly collapsed and fell on the floor at home. Upon arrival, emergency medical services (EMS) determined he was in asystole. Asystole period was estimated to be 15 min by EMS. Admitted to the hospital ICU, the patient underwent hypothermia therapy for 24 h but remained unresponsive and developed myoclonic seizures. He was treated with phenytoin, benzodiazepines, and propofol prior to the neurology consultation. Subsequent EEG demonstrated GPEDS and occasional generalized electrographic seizures (Figures 1-3 ). After discussion with the family, they agreed to try compassionate use of FBM. FBM was started at 2,400 mg crushed and pushed via NG-tube once a day. ICU bedside EEG demonstrated gradual decrease of periodicity and amplitude of GPEDS in the next 5 days, and gradual reappearance of theta background activities (Figure 3) . The patient started 
Case 2
A 70 year old man with a history of moderately severe congestive heart failure was admitted for pneumonia. He had a cardio-pulmonary arrest in the general medicine ward and was transferred to ICU. Cardiac function was restored in about 15 min. Neurology consultation was requested 48 h after the cardiac arrest due to an "abnormal EEG." (Figure 5 ) The EEG showed GPEDS while he received phenytoin and midazolam. He was unresponsive to painful stimulation and pupils were fixed but not fully dilated. The FBM dose was 2,400 mg via NG-tube once a day. Subsequent EEG demonstrated gradual decrease in amplitude and rhythmicity of GPEDS. GPEDS disappeared in 2 days and was replaced by diffuse theta slowing pattern and he started having roving eye movements. (Figure 6 ) This patient unfortunately died because of complication of pneumonia. 
Case 3
A 42 year old woman with a history of multi-organ dysfunction due to HIV infection had cardiac arrest and was resuscitated in 15 min. EEG showed GPEDS (Figure 7 ) and she received IV midazolam and phenytoin. Neurology consultation was requested 48 h later with EEG for evaluation of coma. FBM was added as 2,400 mg via G-tube once a day. Prolonged ICU EEG recording demonstrated gradual decrease in rhythmicity and amplitude of GPEDS for 2 days, followed by emergence of diffuse high frequency beta and gamma activity 30-50 Hz in frequency, and 20-40 uV in amplitude. Interictal epileptiform discharges were nearly gone in day 2 after FBM ( Figure 8 ). The patient died of HIV related lung infection at day 3 despite improvement of EEG. There was no evidence of aggravation of liver function prior to death. 
Discussion
To our knowledge this is the first case report of severe AAE after cardiac arrest treated by compassionate use of FBM. FBM is the most readily available NMDA blocking anticonvulsant in this country and it is inexpensive. It is a potent noncompetitive glutamate receptor blocker of NMDA type, selectively bound to NR1-2B subunits (Kwan et al., 2001) . FBM is a lipophilic dicarbamate having no ionizable chemical group moiety and is not charged at physiological pH (Kleckner, Glazewski, Chen, & Moscrip, 1999) , therefore it is biochemically stable. After oral/NG-tube ingestion, FBM is rapidly absorbed with >90% bioavailability (Shumaker, Fantel, Kelton, et al., 1990) . Neuroprotective efficacy of FBM against anoxic brain damage was reported by Wasterlain et al. (1993) in a rat model of posthypoxic encephalopathy.
Could FBM be of valuable for treatment of AAE after cardiac arrest? After FBM administration, a single patient (Case 1) demonstrated significant clinical improvement. Case 2 died of complication of pneumonia and Case 3 died of HIV related pneumonia while EEG showed significant improvement in both cases. All of three cases showed evidence of electrophysiological improvement in EEG after receiving FBM during the rewarming phase of hypothermia in addition to standard therapy. These patients remained unreactive to painful stimulation with EEG findings of GPEDS, burst-suppression pattern and subclinical generalized electrographic seizures, which are poor prognostic indicators per sec. Improvement of EEG findings from GPEDS to diffuse theta slowing was seen in these cases. All cases had been treated with standard and therapeutics dose of anticonvulsants and propofol, but it was only after the addition of FBM that the GPEDS disappeared. It may be that neuroprotective mechanisms of FBM played a role in the unexpected improvement of these patients. Alternatively, it may be that FBM acted as an anticonvulsant and finally succeeded in treating concomitant nonconvulsive status epilepticus. Retrospectively, blocking NMDA receptors for treatment of AAE is not new idea. NMDA receptors play a key role in the mediation of hypoxia-induced excitotoxicity (DeLorenzo, Pal, & Sombati, 1998) . Choi (1990) summarized three cascading stages of neurodegenerative process triggered by NMDA over-excitation by hypoxic insults: (1) NMDA was over-activated and it allows uncontrolled influx of Ca++ and Na+ ions and depolarizing neurons. (2) Build-up of intracellular calcium ion increases the free Ca++ concentration that activate sets of enzymes to adversely Figure 8 . EEG on day #2 after using felbamate 2,400 mg. maintain long term cell excitability and circuit excitability of neuronal populations, and (3) cell disintegration and apoptosis are triggered by calcium ions. If we could prevent excessive calcium influx into neurons at the earlier stage of NMDA mediated neurodegeneration cascade, the cell damage could be minimized.
Is there any alternative NMDA blocker other than felbamate to be considered in this setting? Dizocilpine, also known as MK-801 was more often studied for use of AAE treatment, but it is now not available as pharmaceutical manufacture stopped due to the report of vacuolized cortical lesions called Olney's lesion in posterior cingulate and retrosplenial cortex in adult rat brain (Wong et al., 1986) . Additionally, dizocilpine is associate with cognitive problems, psychotic reactions and inhibition of the induction of long term potentiation (Coan, Saywood, & Collingridge, 1987) . Ketamine is another NMDA blocking agent expected to have neuroprotective effect in hypoxic-ischemic lesion in stroke studies, but has failed to demonstrate a clinically significant neuroprotective effect (Gorelick, 2000) . Other NMDA blockers were tried for anoxic encephalopathy including memantine, amantadine and dextromethorphan. Memantine was effective in rat anoxic model in combination with topiramate, an AMPA type glutamate receptor blocker (Liu, Lin, Wu, & Qiu, 2009 ). Amantadine has a single case report for delayed-post hypoxic encephalopathy but not for acute treatment of AAE (Arciniegas, Frey, Alan Anderson, Brousseau, & Harris, 2004) . Dextromethorphan was used for rat hypoxia-ischemic model in 1988 but there was no follow up study (Prince & Feeser, 1988) . Unfortunately there is no report in animal study using FBM in this scenario.
Conclusions
There are potential limitations of this case report that should be considered, although the time course strongly suggests that FBM was responsible, at least in part, for the improvement of these patients from AAE, a causal relationship cannot be proven directly from these cases and further studies should be done. A drawback would be that is not a case control randomized study and also the small sample size. Future clinical trials are needed to confirm if the combination of FBM and hypothermia may have synergistic protective effect against hypoxic brain damage, confirm the dose of FBM and the duration of the FBM as adjunctive therapy to be continued if beneficial. Despite that, the strength of this report is that this is a multiple case report and novel approach to otherwise devastating and dismal in prognosis. 
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